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We, Union Carbide and Cabboh Cor- 
poration, of 30, East 42nd Street, New York, 
State of New Tor*, United States of America, 
a Corporation organised under the laws of 
the State of New York, United States of 
America (Assignees of Jahed Wtlsox Clark, 
a Citizen of the United States of America, 
residing ax 649, Smith Road, Charleston, State 
of West Virginia, United Slates of America), 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which, it is to be per- 
formed, to be particularly described in and 
by the following statement: — 
16 This invention relates to an improved 
process f oar TrmHng chlorotriflnoroerhylene 
from 1:1: 2-trichloro-i : 1 : >trifluut ethane 

It is known mat polychloromioroalkanes 
can be dechlorinated with zinc to yield 
chlorofluoroalkenes. (Locke et d, JJLGS. 
(*934)j VoL 56, page 1726). Such reaction 
may be used to dehalogenate confounds 
having one or more chlorine or bromine 
a N iii m on adjacent carbon atoms. The 
chlorine or bromine atoms are removed in 
pairs, with one atom of zinc being required 
to effect the removal of each pair. Thus, the 
dechlorination of trichlorotrinuoroemane by 
this known process results in the producti on 
of zinc chloride as a by-product in an amount 
g r eat er tTran that of the desired chlorotrifluaro- 
emyiene. This "* nt * chloride is produced in 
the form of an aqueous solution and operating 
on a large scale, the disposal of this large 
amount of by-product would constitute a 
difficult and serious problem since the re- 
generation of the zinc or the recovery of the 
chloride is not commercially practicable. An 
odHirvmal disadvantage is that such reaction 
must be carried out under pressure, in the 
liquid phase. 

It is also known that halogens can be 
removed from halogenated organic com- 
pounds in the presence of hydrogen and this 
45 reaction has been applied as a quantitative 
procedure for the determination _of the 
amount of halogen present. Saba tier and 
MaMe (Com ptes Rendu (1904), VoL 158, 
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page 407) have described the reaction of 
h^xachloroethane and hydrogen over a nickel 50 
catalyst with the formation of perchlnto* 
ethylene and hydrogen chloride. As far as is 
known, however, it was not considered that 
erne halogen could be removed preferentially 
in the presence of another halogen. 55 

The present invention is based on the dis- 
covery that chlorine can be removed preferexK 
dally from i:2:2Hrichloro-i :a:2-triflaoro- 
ethane in the presence of hydrogen to form 
chkrc^rhmoroethylene in good yields and 60 
efficiencies. Hydrogen chloride is formed as 
a by-product. The reaction is illustrated by 
the following equation: 

OajTOFj+E, — COF=CF 3 + 2Ha 

The reaction can be carried out by passing 65 
a mixture of i;i^rrichlmcHxp^om1noro- 
ethane and hydrogen through a reactor or 
converter maintained at an elevated tempera- 
ture. The reactor can be a length of tube 
m a d e of nickel or stainless steel, for instance, 70 
which can be unfilled, or charged with, a 
catalyst as hereinafter described. It can be 
externally heated by known expedients, as by 
immersion in a heated salt bam, for instance, 
or by an electrical resistance. The vapours 75 
issuing from the reactor can be collected by 
cooling and condensation, after having first 
been washed to remove the hydr o ge n chloride, 
and dried. 

For high e ffi aen ri es, the reaction is best 80 
rarrird out over nickel, cobalt, copper, 
platinum, palladium or activated carbon as a 
catalyst. Of these, nickel is preferred The 
catalyst can be in the farm of finery divided 
metal, as for instance nirkri, and pressed into 65 
pellets, or the catalyst m finely divided form 
can be deposited on a support. Alternatively, 
the catalyst can be used in the form of its 
salts on a support, as for instance nickel 
' chloride on graphite or activated carbon. 90 
SrrmTariy, the cobalt, copper, platinum and 
palladium can be employed in the form of 
the TTtpf*a^ or then* salts. 

In non-catalytic operations, the reaction 
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can be carried oat at a temperature between 
450 ° C. and 650 0 CI A temperature within 
the range of 450" C to 575° C- * preferred. 
At temperatures below 450° C. in die absence 

5 of a catalyst, the yield tends to fall off to 
about 5 to 10 per cent. At temperatures 
above 575* C, a shorter reaction time is 
required than at lower temperatures in order 
to minimize losses due to polymer formation 

10 .and decomposition to trirruoroethyiene and 
free carbon. The formation of polymer and 
free carbon results in a deposit on t he wal ls 
of the reactor which, if allowed to accumu- 
late, would eventually offer excessive resist- 

15 ance to the flow of gas through the reactor 
and to me transfer of heat through the tube 
walL The deposit is hard and adheres firml y 
to the tube walls but it can readily b e re- 
moved by burning out with air and with 

20 oxygen. 

The ratio of hydrogen to 1 : 1 : i-trichloro- 
x:z:a-4iinunroethane is not critical. At a 
ratio of 0.75 mol of hydrogen per mol of 
1 : 1 :Mrkhteo-i : z: 2-4riflnoroemane it is 

25 possible to react practically all of the hydro- 
gen which recovery of the chloro- 
trifluoToethylene and unreacted rrichloro- 
rrrRnnmpbsmpL Increasing the proportion of 
hydrogen increases the yield of colorotrirluoro- 

30 ethylene but the losses due to the formation 
of carbon and trinuoioethylene also increase. 
A ratio of from 075 to 3 mols of hydrogen 
per mol of 1:1: 2-trichloro-i : 2 : 2-trifmoro- 
cthang is preferred. 

3d Losses due to the formation of carbon and 
trrfmoroethylene can also be minmnzerf by 
employing lower ternperatures to effect lower 
^rngTp pass yields, hi general, optinrum 
^rtptifjpa are obtained when the single pass 

40 yidds are in the range of 20 to 40 per cent, 
based on the i:i;2-trichloro»r :2:2-trifluoro- 
ethane. 

Reaction temperatures used with catalysts 
are lower than those used in non-catalytic 

45 operations. The actual mechanism of the dc- 
cflo rinaripn reaction is not known. It may 
be that the catalyst metal reacts to form the 
metal chloride which then reacts with the 
hydrogen to give hydrogen chloride, with the 

£0 free metal being regenerated and the cycle 
repeated. lu the presence of a catalyst 
reaction temp e ra tures of 400° C to 475° C 
are t i n? fr 1 ■ However, ternperatures be- 
tween 375* C and 525* C can also be used. 

55 Appreciable removal of chlorine may be 
e ffected - at te mper ami es as low as 206° C 
with an active catalyst but at this low tem- 
perature the reduction of metal halides is 
very slow and the metal catalyst tends to be 

60 converted to the less active metal chloride 
and fluoride. At temperatures above 475* 
the catalytic reaction tends to become less 
fffirfwitL The temperature of 475" C approxi- 
mates the practicable upper limit for efficient 

65 operation. Usable temperarures range up to 



525' C, but for these higher temperature 
ranges a somewhat shorter contact time is 
recommended . 

The invention is more particularly de- 
scribed in the following examples: 
Example k. 

A mixture of 739 P** 15 °7 weight (3.95 
mols) of 1:1:2- trkhloro -1:2:2- trifluoro- 
ethane with hydrogen in a mol ratio of 
approximately 1 to 3 was passed through an 
electrically h»grpd tube m a ' rttg * ru *^ at a tem- 
perature of 410* C to 478* C The tube 
which was made of stainless steel was three 
feet long and had an inside diameter of one 
inch. Itwas charged with 461 grams of nickel 
catalyst in pellet form, The space velocity 
was approximately 300 litres per litre of 
catalyst per hour. 

The reaction gases from the tube were 
passed first through a water scrubber where 
hydrogen chloride and hydrogen fluoride 
were removed, and then dried in a calrnim 
chloride drying tower. The product was con- 
densed from the dried gas by means of a 
series of cold traps cooled by a solution of 
solid carbon dioxide and acetone and a final 
trap cooled by liquid nitrogen, The excess 
hydrogen exciting from the nitrogen-cooled 
trap was vented through a gas merer. 

Distillation of ^ the condensate collected in 
the coM trap yielded 209 parrs of a cMqto- 
trifluoroethy!ene fraction oiling at -30* C 
to —2$° C. and having an apparent mole- 
cular weight of ti 8.5 based on vapour 
density determinations; as compared with the 
boning point of - 27.9 0 C given in literature 
(StuD, Bid. Eng. Chem*, VoL 39, page 518; 
1947) and a calculated molecular weight of 
1 1(5-5- There was obtained also z6 parts of 
a trifluoroezhyJene fraction bailing at -55° 
C. to - 50* C and having an apparent mole- 
cular weight of 88.4 based oh vapour density 
determinations; as compared with the boning 
point of —51" C given in Kteratnrc (Swam, 
Chem Zentr. n, page 281; 1899), and a calcu- 
lated molecular weight of 82.0. A third frac- 
tion ammmring to 45 pans of material bouing 
above 40° C was largely nnrcacted 1:2:2- 
trichIcTO-i:2:2-trmucroethane, The total 
production of chlcforrifluorcethylene was 240 
parts corresponding to a yield of 52.1 per 
cent. The efficiency was 55.8 per cent. The 
yield of omHrooemyiene was 5-r per cent 
with an efficiency of 54 per cent. 
Example 2. 

A mixture of i;2:2-trichloro-i :2;2-trrfluoro- 
e thane and hydrogen in a mol ratio of about 
1 to 1.3 was passed through a reactor main- 
tained at a te mpera ture of about 425 0 C to 
480* C The reactor was a stainless steel rube 
as in Example I, charged with loo niuli- 
litres of a catalyst made by evaporating to 
dryness an aqueous solution of 364 grams of 
nickel chloride (NiCLoTLO) on 300 mflli- 
litres (135 grams) of activated carbon pellets 
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which are small enough to pass through a 
mesh having openings of 3/16 of an inch but 
large enough to be retained on a mesh with 
openings ci $ of an inch. The space velocity 
was 1540 litres per litre of catalyst per hour. 

The reaction gases were washed, feed and 
the reaction product condensed and collected 
as in FjampFe 1. Upon distillation of the 
condensate there was obtained 258 parts of 
a chlorommioroethyleae fraction boding be- 
tween -30° to -20° C and 40 parts of a 
tdfluGsroethyiece fraction boiling below -30° 
QThe estimated efficiency to chlorotrifiuaro- 
ethylene based on the trkWojotrifluoroethane 
was 75 per cent 

Example 3. 
A mixture of 2177 parts by weight of 1; 
i:2-trichloro~ 1:2:2- trnluoioechane with 
hydrogen in a mol ratio of about 1 to 14 
was passed during a five hour period through 
a reactor maintained at a temperature of 400* 
C. to 500' C. The reactor was a stainless 
sted tnbe, as in Example i, charged with 
200 mOHhtres of a catalyst made by evaporat- 
*° mg to dryness an aqueous solution at 140 
grams of cobak chloride (C0CX..6H.O) on 
300 mil! Hitr es of activated carbon pellets. 
The space velocity was 670 litres per litre of 
catalyst per hour. 

The reaction gases were washed, A™** and 
the reaction product condensed and collected 
as in Example I, Upon distilling the con- 
densate there was obtained 249 pans of 
chlorotrin^oemylene, The yidd was 18.5 
per cent and the efficiency 63.2 per cent 
based on the trichloro - 
Wtjuutpt.t? 4. 

A mature of 685 parts by weight of 1 : 1 :2- 
triehlaro-i : 2 : 2-tridiloroetbane and hydrogen 
iaa mol ratio of r to 2.5 was passed through 
a reactor maintained at a temperature of 
about 400* C to 425" C daring a period of 
three hours. The reactor was a stainless steel 
4c tnbe as in Example 1. It was charged with 
200 mfflflitres of a catalyst made as follows : 
A solution of 135 grams of cuprous chloride 
in 320 grams of hydrochloric add was 
evaporated to dryness on 300 inulilitres (135 
grams) of activated carbon pellets which are 
small enough to pass through a mesh having 
openings of 3/16 of an inch but large enough 
to be retained on a mesh with openings of 
3/32 of an inch. 

There was obtained 149 parts of chloro- 
triftnnroethyiene for a yield of 35.0 per cent 
and an efficiency of 60.4 per ^nt based on 
the trichlor<)trinWoelhanc. The production 
rano was 249 grams of chlorc*riflnoroethylene 
per litre of catalyst per hour. 

Example 5. 
A mixture of 1494 parts by weight of 1 : 
1:2 - tnchloro - r :a:2 - ttifhioroethane with 
lrydrogen in a mol ratio of 1 to 0.7 was passed 
through a reactor which was a nickel tnbe of 
one inch, inside diameter, filled with carbon 
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rings. A zone containing 150 muuTitres of 
the carbon rings was mamtained at a tern- 
peratore of 520" C to 550" C and the feed 
rate adjusted to give a space velocity of about 
4™tees per litre of reactor space per hour. 70 

There was obtained 288 parts of chlaro- 
tafhiaroethyiene coizespondmg to a yield of 
3 * per cent and an efficacy of 66 per cent, 
bas£ d on the tricbioron^iioroethane. The 
production ratio was 370 grams of chloro- 75 
tnftioroethylene per litre of reactor volume 
per hour. 

Example 6. 
1:1:2 - trichloro - 1:2:2- triflnorocthane 
(1651 parts by weight) was fed together with 60 
hydrogen in a 1 to 14 mol rati) over acti- 
vated carbon (100 nullilitres) mntamivi m a 
directteed stainless sted tnbe having an 
made diameter of one inch. A period of four 
hoars was required, during which, the tan- 86 
peratnre was mainuuned at about 500* C to 
520* C 

There was obtained 84 pans of chlarotoV 
toroeAylcne. The unreacted tnchlarotri- 
Bnoroemane that was recovered »»nmi«r^ w qjj 
1540 Mparts. The yield was 7 per cent and 
the efficiency based on me tddolorotrinWo- 
emane was 40 per cent. Thtt production ratio 
was 211 grams per lure of catalyst per hour. 

Example 7. 95 

1:1:2 - trichloro - 1:2:2 - trifiuoroethane 
(2610 parts by weight) and hydrogen in a 
mol ratio of 2 to 1, were passed through a 
reactor over a period of 4.5 hours. The 
_™^.J«.nUW = tnbe seven feet kug andlOO 
one inch inside diameter. The top preheater 
^>nrf thembe, 24 inches in length, was 
fffled wuh imcW pdlete supported on a pad 

v"^- , tarnm & s - The remainder of the 
*ffj*^ was_«mty except for a nicrell05 
thermoc ouple wefl was mamtamcd at a 
tenmerature of 531* C to 534* C bv a 
heated salt bath. The feed rate was adjusted 
to give a space velocity of 252 litres per litre 

6pace V** ***** no 
f lM f heTC J™ obtained 346 parts of chloro- 
SX^S?* *** 53 parts of trifmcro- 
etnylene: The unreactecf tcichlorotriftioro- 
emanc that was recovered amounted to X7St 

™*mte correspond to an 115 
efficiency to chltjrotnfiuoroethyicne of 65 per 
cent and an efficiency of trifluoroemylene of 
f4per ceuL, based on trkhlorotrifluaro- 
etnane. 

What we.daim is: 120 

1. A process for making chlntotrifiuoro- 
emylene winch enmprises heating a mixture 
tfi^2^aro-r : 2 : 2-trinuoroethane and 

toan elevated reaction temperature 
at which hydrogen chloride is formed, but 125 

2. A process as dahned in Claim r, in which 
*e xjuxtare of i:r:2-trichloro-i:2:a- 
tnflnoroediane and hydrogen is heated in the 130 
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> of a. caxalystat.a temperature between 
450* C and 650' G. 

\ a process as claimed m Claim z or 2, in 
^ch me nmrture of 1 : 1 : aHtrifiloro-i :2^- 
f, triflnorocthane and hydrogen contains from 
075 to 3 mols of hydrogen per mol of I : 1 :2- 
trichloro-i : 2: >rrifc»roethanfc _ 

4. A process as claimed in Claim 1, in which 
the rnkmre of 1:1: z-trichloro- 1 : 212-tn- 
10 finaroethane and hydrogen is heated in the 
presence of a catalyst cansBtang of one of the 

prfhdinm, or a salt thereof activated carbon 



C. and nor 



at a tcmpcratnre of at least 375 

higher than 5*5° <^ ui-^ 

jTa process for makmg chteo^aro- 
ethylene snbstantially as hcteinhefore 15 
described in any one of the receding 

^^Mototr^^ I^arcdby the 

niocess as claimed in any one of Claims I 



to 5. 
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